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REAL TIME DATA 




Cursor Read Out, A 

continuous update of 
both cursors 



Cursor Tags identify 
waveforms and mark 
them for print out 
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selectable 



Help Menu viewed 
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stack and accumulator 
display measured 
values 



X-Y axis selected Irom 
analysis data 



Oscilloscope Scale 

values in a 1,2, 5 
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Units automatically 



A circuit designer's dream! Over 1 million bytes of code 
turns a Personal Computer into a Circuit Design Labora- 
tory. Mathematical models are explained and included in 
libraries so you can begin simulations immediately. The 
powerful SPICE program developed at U.C. Berkeley is 
adapted to run on your PC as IS_SPICE. A software oscil- 
loscope, lntu_Scopn. reduces and displays data and can 
be programmed for automatic data acquisition and reduc- 
tion. All programs run on IBM PC's including the XT and 
AT and on many compatibles. DOS 2.x or 3.x is required. 
Documentation is provided in a 7 by 9 in. 3 ring binder. For 
all three programs » comes to over 200 pages with 6 disk- 
ettes formatted to 360K bytes. 

„„ ' ~-~ ' ' -~1 

PRE. SPICE: Used to prepare a circuit description and to 
control an iterative Monte Carlo Analysis. Featuring an . 
extended IS_SPICE syntax, compatible with mainframe 
SPICE or other versions for the PC that conform to the 
Berkeley syntax, you can now include libraries by refer- 
ence, pass parameters to subcircuits and identify 
parameter tolerances. Applications, a circuit library and 

IBM is the registered trademark of International Business 
Machines, Inc. 

^■Shipping is included California residents add 6- 1/2% sales tax. 
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IS_SPICE: An adaptation of U.C. Berkeley SPICE vers. 
2G.6 for use on PC's. Circuits of over 200 nodes have 
been run. IS_SPICE includes device non-linearities and 
built-in models for various semiconductor devices, pas- 
sive devices, sources, controlled sources and signal 
generators. DC and Transient analysis include non- 
linearities while the AC analysis computes small signal 
transfer functions about the large signal operating point. 
Requires 640K RAM, fixed disk and coprocessor. 

.Scope: A general purpose program for wavel 

Won and manipulation. It performs complex 
eforn manipulations including Integration, Differentia- 
tion. Fo jrier Transform and combines waveforms through 
addition, subtraction, multiplication and division. Automat- 
ed measurements are used with PRE_SPICE to extract 
and reduce Monte Carlo Analysis data. Supports dot 
matrix printer output that can also be included in word-pro- 
cessor output. Requires 256K RAM and color graphics. 
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Overcome electrical, 
thermal problems in 
high-power op amps 



A 1-chip power op amp is capable of driv- 
ing ±35V at ±10A. This article, part 1 
of a 2-part series, describes the electrical 
and thermal problems accompanying the 
use of such high-power devices and gives 
advice on how to solve the problems. Tart 2 
will present a variety of applications for the 
op amp. 



Robert Widlar and Mineo Yamatake, 
National Semiconductor Corp 

By understanding the practical problems associated 
with the use of a high-power operational amplifier, you 
can avoid such circuit problems as oscillation and distor- 
tion. Further, a study of the amplifier's thermal-protec- 
tion characteristics allows you to make actual measure- 
ments of heat-sink design margins. The 150W LM12 is 
capable of supplying ±35V at ±10A; its peak-power 
rating of 800W makes the device capable of driving 
reactive loads. To obtain optimum performance from 
the amplifier, you should observe proper procedures for 
grounding, bypassing, loading, and providing efficient 
heat-sinking to the device. 
Power op amps are subject to many of the same 
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problems that general-purpose op amps experience. 
Excessive input or feedback resistance can cause a dc 
offset voltage on the output because of bias-current 
drops, or it can combine with stray capacitance to cause 
oscillations. Improper supply bypassing and capacitive 
loading, alone or in combination, can also result in 
oscillations. In many cases, you can avoid spending 
hours tracking down seemingly incomprehensible de- 
sign problems by monitoring the op amp's output with a 
wideband oscilloscope. 

For instance, when the LM12 op amp drives low- 
impedance loads and provides current transients great- 
er than 10A, the effects of inductance and resistance of 
wire interconnects can become troublesome. Further- 
more, in order to make the IC dissipate 90W continu- 
ously, you must mount it to an adequate heat sink. 

The management and protection circuitry of the 
LM12 can also affect the system's operation. For exam- 
ple, if the total supply voltage exceeds ratings or drops 
below 15V, the op amp will shut off completely. Case 
temperatures above 150°C also cause complete shut- 
down until the temperature drops to 145°C. Reactiva- 
tion of the op amp could take several seconds, depend- 
ing on the heat-sink design. When the LM12's dynamic 
safe-area protection is activated, the main feedback 
loop loses control and output drive current is reduced. 
Oscillations may also result. In ac applications, the 
dynamic protection will cause waveform distortion. 

To avoid spurious oscillation, you should bypass the 
op amp's supply terminals with low-inductance capaci- 
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Power-amplifier circuitry demands that you 
use special care in grounding and bypassing 
and that you protect the amplifier from the 
effects of reactive loads. 



tors that have short leads and are located close to the 
package terminals. High-power op amps require larger 
bypass capacitors than do low-power units. The LM12 
will be stable as long as you use good-quality electrolyt- 
ic bypass capacitors whose values are greater than 20 
p.F. The current in the supply leads is a rectified 
component of the load current. Unless you provide 
adequate bypassing, this distorted signal can feed back 
into the op amp's internal circuitry. To obtain low 
distortion at high frequencies, you must bypass the 
supplies with capacitors of 470 u-F or more at the 
package terminals. 

With ordinary op amps, lead-inductance problems 
usually occur in inadequately bypassed supply leads. 
Power op amps are also sensitive to inductance in the 
output lead, particularly in the presence of heavy 
capacitive loading. To minimize common inductance 
with the load, you should connect feedback to the input 
directly from the output terminal. Make sure that when 
you use remote sensing, you provide a high-frequency 
feedback path directly from the output terminal. 

Lead inductance can also cause voltage surges on the 
supplies. If the op amp has long leads to its power 
source, energy stored in the lead inductance when the 
output is short-circuited can get dumped back into the 
supply bypass capacitors upon removal of the short 
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Fig 1— Output cottage can exceed supply levelt when an op amp 
drives an inductive load. These curves show the activation of the 
Utltt dynamic safe-area protection. The stored energy in the 
inductor drives the output voltage beyond the supply levels. 



circuit. You can reduce the magnitude of this transient 
by increasing the size of the bypass capacitor near the 
IC. With 20-^F local bypass capacitors, these voltage 
surges are important only if the lead length exceeds a 
couple of feet (ie, when lead inductance is greater than 
1 u.H). Twisting together the supply and ground leads 
minimizes the transient effect. 

Avoid ground loops 

In fast, high-current circuitry, various problems can 
arise from improper grounding. In general, you can 
avoid difficulties by returning all grounds separately to 
a common point. When such a connection is impractical, 
be sure to minimize the ground-path impedance for the 
supply bypasses, the load, and the input signal. To 
provide optimum grounding, use ground planes when- 
ever possible. 

Many problems unrelated to system performance are 
traceable to the grounding of line-operated test equip- 
ment that's used for system checkout. When you're 
using several pieces of test equipment, hidden paths 
are particularly difficult to sort out, but you can mini- 
mize the problem by using current probes or isolated 
oscilloscope preamplifiers. Eliminating any direct 
ground connection between the signal generator and 
the oscilloscope's synchronization input solves ground- 
feedback problems. 

When a push-pull amplifier goes into power limit 
while driving an inductive load, the energy stored in 
the inductance can drive the output to voltages beyond 
the supply levels. Fig 1, for example, shows the over- 
load response of an LM12 that's driving ±36V at 40 Hz 
into a 4fl load in series with 24 mH. 
. The IC has internal supply-clamp diodes, but these 
clamps have a parasitic current that dissipates roughly 
half the clamp current across the total supply voltage. 
The internal protection circuitry can't control this dissi- 
pation; if the dissipation is sustained, the IC will 
experience catastrophic failure. You should, therefore, 
use external diodes to clamp the output to the power 
supplies. 

Further, if you don't use external clamp diodes, a 
short circuit between the output and the supplies can 
induce random failures. Therefore, it's prudent to use 
output clamp diodes even when the load isn't obviously 
inductive. Failure of the IC is particularly violent when 
it's operating from low-impedance supplies: The V* pin 
can vaporize and blow a hole through the top of the can. 
If the LM12 fails, install diodes before you try again. 
Because the clamp diodes clamp only current tran- 
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sients, they usually don't need heat sinking. When 
transients reach 15A, however, forward drop can re- 
duce the efficacy of the clamp diodes. If the forward 
drop exceeds 0.8V, the clamp to the negative supply 
can lose some of its effectiveness. To reduce the diode's 



forward drop, mount this diode to the op amp's heat 
sink. A third diode (D3 in Fig 2) will protect the 
amplifier in the unlikely case that D 2 's forward drop 
becomes excessive. For D3 you must use a diode that's 
capable of dissipating a continuous power level that's 



A look at the LM12 

The performance of the LM12 
puts the op amp in a class with 
discrete and hybrid power ampli- 
fier's. The IC incorporates inter- 
nal management circuitry that 
provides smooth turn-on and au- 
tomatic protection against a va- 
riety of fault conditions; it offers 
instantaneous limiting of the 
power transistors' peak junction 
temperatures. 

Table 1 summarizes the 
LM12's performance. The op 
amp's input common-mode range 
extends to within IV of the posi- 
tive supply and to 3V above the 
negative supply. II the applied 
signal exceeds the input-voltage 1 
range, no input-polarity reversal 
occurs. If the signal drives the 
inputs beyond the supply volt- 
ages, no damage results. 

The IC offers compensation 
for unity-gain feedback, and 
small-signal bandwidth is 700 
kHz. The part's slew rate is 
9V/(isec, even when the LM12 is 
connected as a follower. This 
slew rate translates to a 60-kHz 
power bandwidth under load 
with a ±35V output swing. The 
op amp is stable with or without 
capacitive loading; the maximum 
load capacitance depends upon 
loop gain. The IC exhibits no 
spurious output stage oscilla- 
tions and requires no series-RC 
snubber on the output. 

The LM12 delivers ±10A out- 
put current at any output volt- * 




TABLE 1- 

TYPICAL CHARACf ERISTICS OF THE LM12 



PARAMETER 


CONDITIONS 


VALUE 


INPUT OFFSET VOLTAGE 


V c-° 


2 mV 


INPUT BIAS CURRENT 




150 nA 


VOLTAGE GAIN 


FL_ ■ 4Q 


50V/mV 


OUTPUTVOLTAGE SWING 


±10A 


±38V 
±35V 


PEAK OUTPUT CURRENT 


V OUT-° 


±13A 


CONTINUOUS DC DISSIPATION 


T » 25°C 
100°C 


90W 
55W 


PULSE DISSIPATION 


T - 10 mSEC 
1 mSEC 
0.2 mSEC 


120W 
240W 
6O0W 


POWER OUTPUT 


R L -40 


1SOW 


TOTAL HARMONIC DISTORTION 


R L . 40 


O01% 


BANDWIDTH 


\-< 


700 kHz 


SLEW RATE 




9W,SEC 


SUPPLY CURRENT 


w-° 


60 mA 



age, yet is completely protected 
against output overloads, includ- 
ing short circuits to the supplies. 
Peak-temperature limiting with- 
in the power-transistor array 
provides dynamic safe-area pro- 
tection. On-chip circuitry con- 
trols the IC's turn-on character- 
istics by keeping the output 
open-circuited until the total 
supply voltage reaches 15V. The 
output also becomes open-cir- 
cuited when the case tempera- 
ture exceeds 150°C or as the 
supply voltage approaches the 
BVceo of the output transistors. 
The op amp withstands overvolt- 
ages as high as 100V. 

The LMIZs guaranteed power 
ratings are not established by 




statistical methods from sample 
tests. Instead, the manufacturer 
interpolates the ratings from ac- 
tual measurements of power ca- 
pability into thermal limit; these 
measurements are standard pro- 
duction tests for the op amp. 

The LM12 is supplied in a 
steel TO-3 package with four 
through leads; the case is the V" 
connection. A gold-eutectic die- 
attach and a molybdenum inter- 
face let the op amp avoid ther- 
mal-fatigue problems under pow- 
er-cycling conditions. Two 
voltage grades (60 or 80 V total 
supply span) are available; both 
are specified for either the mili- 
tary or industrial temperature 
range. 
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The thermal and protection circuitry in a 
power op amp is crucial to the parfs survi- 
val in situations that produce excessive 
junction-temperature rise. 




Fig 2 — Output clamp diodes D, and Dt dump inductive-load cur- 
rent into the supplies when the op amp goes into power-limit mode. 
You might need to use the third diode, Dt, if D,'s forward drop is 




Fig :l — L'se an inductor to isolate capacitive load*. The noninduct- 
ive resistor prevents resonance problems by killing the Q of the 
series-resonant circuit. 



determined by the negative supply current of the op 
amp. 

The LM12 is normally stable when it drives resistive, 
inductive, or small capacitive loads. Large capacitive 
loads would interact with the open-loop output resis- 
tance (about lil), reducing the phase margin of the 
feedback loop and ultimately causing oscillation. The 
critical capacitance depends upon the feedback applied 
around the amplifier: A unity-gain follower can handle 
about 0.01 u.F, while more than 1 u.F doesn't cause 
problems as long as the loop gain doesn't go below 10. If 
you configure the op amp for loop gains greater than 
unity, you can enhance the stability of the closed-loop 
circuit by placing a speed-up capacitor across the feed- 
back resistor. 

In all cases, the op amp will behave predictably only 
if the supplies are properly bypassed, ground loops are 
controlled, and high-frequency feedback derives direct- 
ly from the output terminal. Further, so-called capaci- 
tive loads are not always purely capacitive. A high-Q 
capacitor in combination with long leads can present a 
series-resonant load to the op amp. In practice, this LC 
load is not usually a problem, but you should keep the 
possibility in mind. 

You can accommodate large capacitive loads (includ- 
ing series-resonant LC loads) by isolating the feedback 
amplifier from the load as shown in Fig 3. The inductor 
gives low output impedance at low frequencies while 
providing an isolating impedance at high frequencies. 
The resistor kills the Q of series-resonant circuits that 
are formed by capacitive loads. This resistor should be 
a low-inductance, carbon-composition resistor. The op- 
timum values for the inductor and resistor depend upon 
the feedback gain and expected nature of the load, but 
tolerance need not be tight. You can make a 4-ji.H 
inductor by winding 14 closely spaced turns of number 
18 wire around a l-in.-diameter form. 

You can stabilize the LM12 for all loads by using a 
large capacitor on the output, as Fig 4 shows. This 
compensation gives the lowest possible closed-loop out- 
put impedance at high frequencies and the best load- 
transient response. The method is suitable for use in 
voltage regulators. 

A feedback capacitor, C,, connects directly to the 
output pin of the IC. The output capacitor, Cj, is 
connected at the output terminal with relatively short 
leads. Use single-point grounding to avoid dc and ac 
ground loops. 

The impedance Z, is that of the wire connecting the 
op amp's output to the load capacitor. About three 
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inches of #18 wire (70 nH) provides stability; an 18-in. 
length (400 nH) begins to degrade load-transient re- 
sponse. If you use a plastic-film or solid-tantalum 
capacitor with an equivalent series resistance (ESR) of 
0. lfl, the minimum load capacitance is 47 u.F. Alumi- 
num electrolytic capacitors work as well, although you 
have to increase their capacitance to about 200 u.F to 
bring ESR below O.in. 

Loop stability is not the only gremlin in op amps that 
drive reactive loads. Time-varying signals can cause 
the part's power dissipation to increase markedly, 
particularly when the op amp experiences the combina- 
tion of capacitive loads and high-frequency excitation. 

Input compensation provides stability 

If the LM12's high-frequency loop gain is near unity, 
the op amp is prone to low-amplitude oscillation bursts 
when it comes out of saturation. The voltage-follower 
connection is more susceptible than other connections 
to such oscillation. You can eliminate this glitching — at 
the expense of small-signal bandwidth — by using input 
compensation. You can also use input compensation in 
combination with LR load isolation to improve capaci- 
tive-load stability. 

Fig 5a shows an example of a voltage follower that 
uses input compensation. The R 2 -C 2 combination across 
the input works with R, to reduce feedback at high 
frequencies without greatly affecting response below 
100 kHz. A lead capacitor, C, improves phase margin 
at the unity-gain crossover frequency. Optimum opera- 
tion of the circuit requires that the output impedance of 
the circuitry driving the follower be well below 1 kn 
even at frequencies as high as a few hundred kilohertz. 

Fig 5b shows the application of input compensation in 
an integrator configuration. Both the follower and the 
integrator can handle l-(xF capacitive loading without 
LR output isolation. 

To make optimum use of the LM12, you should 
understand the nature of the op amp's temperature- 
limiting mechanism. The LM12's output transistors can 
dissipate power until their peak junction temperature 
reaches 230°C (±lo°C). When this temperature is 
reached, internal limiting circuitry takes over, regulat- 
ing peak temperature. Fig 6, which gives the peak 
output-current waveform with the output instantane- 
ously short-circuited to ground, shows how the limiting 
works. Conventional current limiting holds the short- 
circuit current near 13A for a few hundred microsec- 
onds, then temperature limiting takes over as junction 
temperature tries to rise above 230°C. The response 




Fig 1 — A large output capacitor stabilizes the op amp for all loads. 
The impedance Z, is that of the wire that connects the IC's output to 
the load-capacitor terminal. 
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Fig ■>— Input compensation reduces bandwidth and increases sta- 
bility in Io n f » i ll configurations. The -nethod helps stabilize the op 
amp against capacitive loads for the 'Mower in a and for the inverter 
in 6. 
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Lead inductance and capacitive boding 
form an insidious alliance that, uncor- 
rected, can cause problems ranging from 
instability to destruction of the op amp. 



time of the temperature limiter is well below 100 ysec. 

Because the IC uses this peak-temperature limiting 
scheme, its power capabilities depend on case tempera- 
ture, transistor operating voltages, and the way the 
dissipation varies with time. For two case tempera- 
tures, Fig 7 shows the amplitude of the power pulse 
required to activate power limiting in 100 msec as a 
function of collector-emitter voltage on the output tran- 
sistors. The continuous dissipation limit is about 15% 
less than the 100-msec limit. 

The pulse capabilities of the output transistors are 
shown in Fig 8. The curves give the amplitude of a 
constant-power pulse required to activate power limit- 
ing in the indicated time. When the pulse widths are 
longer than 1 msec and the collector voltages are above 
40V, the pulse capability decreases, as the figure 
shows. 

The guaranteed power ratings of the LM12 are based 
on a peak junction temperature of 200°C instead of the 
230°C limiting temperature. The IC's specs also take 
test accuracy, guard bands, and unit-to-unit variations 
into account. The result is that the guaranteed ratings 
are about 40% lower than those required to activate the 
thf.rmal-limit mechanism. 

The worst-case, safe-area curves for a peak junction 
temperature of 200°C and a 25°C case temperature are 
shown in Fig 9a. The guaranteed-maximum dc thermal 
resistance is given as a function of collector-emitter 
voltage in Fig 9b. You can see from these curves that 
the increase in thermal resistance with voltage is much 
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Fig 6— Internal limiting circuitry regulate! peak temperature! in 

the IMlt. The circuit reduces output short-circuit current when the 
transistors' junction temperature reaches 2iO"C. 



smaller at higher case temperatures. Finally, Fig 9c 
shows the equivalent thermal resistance for power 
pulses. Again, these are worst-case numbers. The 
voltage dependency of thermal resistance in Fig 9c is 
for a 25°C case temperature. At higher case tempera- 
tures, this dependency is more moderate (Fig 9b). 

Under the condition of ac loading, both power transis- 
tors share the dissipation, and the worst-case thermal 
resistance can drop to 1.9°C/W. However, the frequen- 
cy of the signal must be high enough that the junction 
temperature doesn't exceed the peak ratings of either 
output transistor. 

Derate the maximum junction temperature 

It's not unusual for designers to derate the maximum 
junction temperature of semiconductors below the man- 
ufacturer's specified value. In general, the junction- 
temperature limit for power semiconductors is 200°C, 
although standard junction-temperature limits for her- 
metic or plastic packages might differ. 

The LM12 can operate continuously at 200°C. Such 
conditions as out-of-spec line voltage or lack of air 
circulation would cause the equipment to stop working 
temporarily; the part would not suffer excessive stress 
or catastrophic failure. In certain applications, howev- 
er, a temporary shutdown can have the same effect as a 
permanent one; you should definitely use derating in 
such applications. 

Modern IC power transistors don't experience cata- 
strophic failure over a short term, even when peak 
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Fig 7— The power required to activate the power-limit mode in the 

IMlt is lower for higher collector-emitter voltages, but the drop-off 
diminishes for very high cose temperatures. 
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A power IC's thermal aspects 

In a power IC, the peak junction 
temperature occurs at the center 
of the power transistor. At the 
edge of the power transistor, the 
temperature rise (junction-to- 
case) is only 60% of that at the 
center. Fig A shows the surface- 
temperature profile, moving out 
from the center of the power 
' transistor, for a situation in 
which the peak junction temper- 
ature is 200°C and the case 
temperature is 75°C. In this ide- 
alized 2-dimensional plot, the 
temperature at the edge of the 
power array is only 160°C. 

In real situations, the temper- 
ature falloff can be considerably 
greater than that indicated by 
the curve. Earlier IC designs 
have located the sensor several 
mils away from the power array. 
As a result, the temperature 
sensor responds to about 30% of 
the temperature rise in conven- 
tional power-IC designs. 
Truly effective temperature 



sensing requires a sensor that is 
distributed throughout the 
power array, yet responds to the 
peak temperature almost instan- 
taneously. In the LM12 design, 
these requirements are met by a 
thermal-sense emitter, located a 
fraction of a mil from the active 
emitter, that winds through the 
entire power array. 

In ICs using conventional 
thermal limiting, the output 
transistors' junction temperature 
is controlled at lower case tem- 
peratures via foldback current 
limiting, which restricts power 
dissipation. When case tempera- 
ture rises to a certain level, the 
thermal-limiting mechanism is 
activated. In general, the peak 
limiting temperature will be sub- 
stantially greater than the ther- 
mal limit, because the sensor 
doesn't respond to the full temp- 
erature rise. 

Fig B is an idealized plot of 
peak junction temperature for 



increasing case temperature. 
The plot is drawn with the as- 
sumption that the thermal limit 
is 150°C, rise in power-limit 
mode is 150°C, and the thermal 
sensor responds to one-third the 
peak temperature. These operat- 
ing conditions are typical for 
many IC designs. 

Because of the tolerances in- 
volved in a practical foldback- 
current-limit design, worst-case 
dissipation in such a design can 
be twice the typical values. Fur- 
ther, such designs are subject to 
non-ideal 3-dimensional effects. 
Peak junction temperatures well 
above 300°C can occur in ICs 
that use conventional limiting 
techniques. Peak-temperature 
sensing, however, makes 
foldback current limiting unnec- 
essary: The power transistor can 
handle full rated voltage and 
current simultaneously, yet be 
fully protected. 
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Fig A— In a power IC.peak temperature occurs at the center of 

the power transistor. The IC's surface temperature drops, going 
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To determine the heat sinking needed for a 
power op amp, you must understand the 
temperature profiles on the surface of the op 
amp's die. 
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Fig H — The peak-dissipation 

pulse duration. For pulses wj 
sink determines the ratings. 



I of the LM12 depends on 
■ than 100 msec, the external heal 



junction temperatures reach 300°C. However, power 
cycling can cause problems. For example, in power 
transistors having a soft-solder die-attach, die-attach 
failures can take place after 30,000 cycles and a 70°C 
temperature rise. The LM12 avoids such failures by 
using a gold-eutectic die- attach and a molybdenum 
spacer. Even so, when dissipating 200W, the LM12 has 
exhibited metallization failures after one million cycles 
from 50°C to power limit at 230°C. 

Thermal derating is more important for the op amp's 
control circuitry than for its power transistors. Operat- 
ing the control circuitry at temperatures above 150°C 
can affect reliability. Fortunately, the control circuitry 
is exposed to only a fraction of the temperature rise in 
the power transistors. You can base derating on a 
thermal resistance of 0.9°C/W, independent of operat- 
ing voltage. With ac loading, where power dissipation 
occurs in both power transistors, this thermal resis- 
tance drops, finally approaching 0.6°C/W. 

The LM12's ratings are based on the case tempera- 
ture as measured on the bottom of the TO-3 package 
near the center. To minimize the thermal resistance 
between this region and the heat sink, you must be sure 
to mount the IC correctly. For example, when mount- 
ing the package directly to the heat sink, you should use 
a good thermal compound such as Wakefield Type 120 
or Thermalloy Thermacote. Without this compound, 
thermal resistance will be no lower then 0.5°C/W, and it 
may be much worse. With the compound, thermal 
resistance will be 0.2°C/W or less, assuming that the 
package and the heat sink have <0.005-in. combined 
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Fig .9 — Three thermal curves characterize the LMll's power rat- 
ings. The curves are the ~itc-nrea plot (a), the change in dc thermal 
resistance with temperature and operating voltage tb). and the pulse 
thermal resistance tc). 
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In A MATTER OF SECONDS, 
E NEW TEK 2467 CAN SAVE 
WEEKS OF TROUBLESHOOTING 
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Now. See what you've always 
needed to see with a portable 
scope. (Above) Tek's new 2467 
Transient Intensifying Oscillo- 
scope, with its exclusive micro- 
channel-plate C'rVT, highlights the 
infrequent mefistability of a flip- 
flop output. (Below) The same 
metastabilrty is invisible on a con- 
ventional hic/n -speed, scope. 
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Don't be stymied by 
elusive glitches, pulses 
and single-shot events. 

Our new 350 MHz Transient 
Intensifying Oscilloscope 
reveals invisible signals that 
escape detection by any 
other portable instrument. 
An approximate 100-fold 
increase in visual writing 
rate translates high-speed, 
single-shbt phenomena and 
low-repetition-rate signals 
into easily-seen displays — 
in normal room light and at 
sweep speeds as fast as 
500 ps/div 

Discover marginal condi- 
tions you don't even know 
exist Now designers and 
test engineers can quickly 
identify circuit or system 
faults caused by infrequent 
metastability asynchronous 
noise, crosstalk or erratic 
timing-margin violations— 
even if they occur only once 
in a million normal operations 

Not only can you shorten 
time to market, you can 
deliver more reliable new 
products. 



To see the Tek 2467 
in action, or to order, 
contact your Tek Sales 
Engineer. Of call the Tek 
National Marketing Center, 
1-800-426-2200. In Oregon, 
call collect. (503) 627-9000. 

To rent a Tek 2467 tor a 
trial evaluation, contact an 
authorized Tektronix rental 
company: 

Continental Resources, Inc. 
(800) 323-2401 Nationwide 
(312)860-5991 Illinois 
Electro Rent Corporation 
(800) 423-2337 Nationwide 
(800) 232-2173 California 
General Electric Company 
(800) GE-RENTS 
GENSTAR Rental Electronics, Inc. 
(800) 227-8409 Nationwide 
(800) 331-3440 California 
McGrath RentCorp 
(415) 568-8866 
Tetogy, Inc. 
(800)T-E-L-0-G-Y-lnc. 
U.S. Instrument Rentals, Inc. 
(800) 824-2873 
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When Performance Counts 



Expandable 55ns 

Dual Port CMOS Static RAMs 




New "MASTER/SLAVE" combo 
is the only way to expand 
width and eliminate "system 
deadlock" without incurring a 
speed penalty due to extra logic. 
We've led the market with the industry 
standard IDT7130 (1Kx8) and the 
IDT7132I2KX8) "MASTER" dual port 
RAMs. Used in multiprocessor systems, 
they provide fast asynchronous, simul- 
taneous access of a common memory 
from two totally independent data/ 
address ports. On chip arbitration logic 
resolves conflicts when the 
addresses match. 

Now we are introducing 
the IDT7140(1Kx8) "SLAVE" 
and the IDT7142 (2Kx8) 
"SLAVE" dual port RAMs which 
permit wtdth expansion tox16, 
x32 or greater while maintaining 
a 55ns access time. All you do 
is add as many SLAVES as you 
need to one MASTER. 

A SLAVE eliminates catastrophic 
"system deadlock" in width expansion 
encountered when using dual port 
memones. Without a SLAVE you must 
use external logic for address arbitra- 
tion to avoid deadlock-and that causes 
performance degradation. 




Industry's fastest. All four of these 
dual port static RAMs have access times 
of 55ns. 

Cascadable In depth. To 4K, 8K, 

16Kormore. 

Low-power and battery backup. 

Typically 325m W active and 1 m W 
standby, the low-power version permits 
battery backup at 200uW from a 2 volt 
battery. 

Availability. Commercial/military 
product from stock in 48-pin DIPs 
or LCCs. 

May we be of assistance: Call or 
fill in the bingo for a copy of our 
Technical Note explaining (1) 
how and when to use dual port 
static RAMs (2) how to avoid 
"deadlock!' 

Also ask for our Product 
Selector Guide on high-speed 
CEMOS™ MiCROSLICE™ 
(bit-slice microprocessor 
productsl, Subsystems, Memory 
Interface Logic, Digital Signal 
Processing Circuits (multipliers, 
MACs, and FIFOs), and one of 
the fastest, broadest lines of 
Static RAMs in the world. 
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Our Static RAM Family 
(available now) 







Worst Case 
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16KX1 


IDT6167A 


25ns 


4Kx4 


IDT6168A 


25ns 


4Kx4 


IDT7168W 


25ns 


4Kx4 
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25ns 
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I0T6116A 


35ns 


64 Kl 
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I0T7187 


35ns 


16KX4 


I0T7188 


35ns 
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IDT7198~ 


35ns 


16Kx4 


I0T71981" 


35ns 


16Kx4 


IDT71982" 


35ns 


Dual Pin suit RAMs 




1Kx8 


IOT7130 MASTER 


55ns 


2Kx8 


IDT7132 MASTER 


55ns 
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IDT7140 SLAVE 
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I0T7142 SLAVE 
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Leading the CMOS Future 

Integrated 
DeviceTechnology 

Static RAM Division 

3236 Scott Boulevard 
Santa Clara. CA 95054-3090 
(408) 727-6116 
TWX 910-338-2070 



When you use a heat sink with a i 
power amplifier, you must take care to 
minimize the thermal resistance between 
the amplifier's case and the heat sink. 




Fig 10— You need a heat sink to cool the LMl2's package. These 
curves give the rise in case temperature as a function of heat-sink fin 
area; the curves assume that the part uses convection cooling. 



flatness run-out. Proper torquing of the mounting bolts 
is also important: You should use four to six inch-pounds 
of torque. 

If you must isolate V" from the heat sink, you must 
use an insulating washer. If you use hard washers made 
of beryllium oxide, anodized aluminum, or mica, you 
must use thermal compound on both faces. Two-mil 
mica washers are the most common; they yield about 
0.4°C/W interface resistance when you use them with 
the compound. Silicone-rubber washers are also avail- 
able. Some vendors claim their rubber washers offer 
0.5°C/W thermal resistance without thermal compound. 
Note, however, that these rubber washers deteriorate; 
you must replace them if you remove the IC. 

Choose the right heat sink 

You'll need to attach a heat sink to the LM12, because 
without one, the op amp (with ±40V supplies and no 
load) can experience an internal temperature rise as 
high as 160°C. The types most suitable for dissipation of 
about 50W are made from an extruded aluminum 
channel equipped with multiple fins. It's important for 
you to choose a heat sink that has enough metal under 
the package to conduct heat from the center of the 
package bottom to the fins without introducing exces- 
sive temperature drop. 

The power rating of a multifinned heat sink is deter- 
mined largely by the surface area that's subject to 
convection cooling and by the allowable temperature 
rise to ambient. Heat loss from radiation can also be an 



important factor in simple heat sinks. However, for a 
heat sink in which multiple fins radiate toward each 
other, the radiation term is insignificant. Nevertheless, 
heat sinks are usually black anodized to maximize 
radiated heat. 

Fig 10 lets you estimate fairly accurately the surface 
area required for a given temperature rise and power 
dissipation. The heat sink's orientation, length, and fin 
spacing affect the area efficiency. The curves are drawn 
with the assumption that the surfaces are located in a 
vertical plane. If the surfaces are horizontal, the temp- 
erature rise increases by, say, 20%. Vertical dimensions 
longer than 4 in. are less efficient. Commercial heat 
sinks are normally designed so that fin spacing is not 
close enough to affect the performance shown in Fig 10. 

It's not possible to specify an unqualified thermal 
resistance for a convection- or radiation-cooled heat 
sink. Both mechanisms will give a lower thermal resis- 
tance when temperature rise increases, and heat losses 
from radiation also increase as absolute temperature 
increases. Because radiation losses are not dominant in 
multifinned heat sinks, power dissipation and tempera- 
ture rise characterize performance. You can drastically 
reduce heat-sink size by using forced-air cooling. EDM 



Authors' biographies 

Robert Widiar is a freelance linear-IC design consultant 
for National Semiconductor Corp (Santa Clara, CA). De- 
signer of the legendary 702 and 709 monolithic op amps m 
a previous position at Fairchild Semiconductor (Mountain 
View, CA), Bob now lives in Puerto Vallarta, Mexico. 

Mineo Yamatake has designed linear ICs at National Semi- 
conductor (Santa Clara, CA) for the past 19 years. Before 
joining the company, he performed the same function at 
Fairchild Semiconductor (Mountain View, CA). Mineo's 
spare-time pursuits include fishing and mountain biking. 



Article Interest Quotient (Circle One) 
High 473 Medium 474 Low 475 



EDN May 15, 1986 



121 



